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Abstract

This paper builds upon a body of research which illustrates that the main function of the brain is to modulate the coherent function of the organ 
networks more commonly known as physiological systems and hence ensure our optimum physiological stability and function. The aim of this article 
is to further develop this hypothesis and illustrate examples which support it.

Moreover the existence of the neurological paradigm i.e. the mechanism by which the brain regulates the coherent function of the physiological systems, 
by comparison to the contemporary biological paradigm, illustrates fundamental conceptual limitations of biomedicine and, in particular, of the most 
widely used diabetes drug metformin; in particular that at normal dosage metformin does not appear to function as a drug but instead as a biological 
buffer which regulates plasma pH at indicatively 6.9–7.1 thereby adversely changing plasma pH to a level which, for many, ensures that their diabetes 
persists for as long as they are taking this medication and which for the obese may defer the progression of more severe diabetic comorbidities.

Such an observation requires a fundamental rethink of what exactly is diabetes and has significant implications re what is diabetes, how it should be 
measured, and how it should be treated i.e. by dealing with the neurological origins of the condition or by treating the biomedical consequences, or by 
a combination of both approaches.
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Introduction

Stress is experienced through the senses, alters sense perception, 
and is often manifest as a myriad of pathological symptoms. This 
illustrates that the brain is intimately involved in the regulation of the 
body’s biochemistry [1]. Moreover that there are pathological changes 
at the molecular level indicates that there must also be changes at the 
cellular level, changes to the structure and function of organs, and 
also to the coherent function of the organ networks which are more 
commonly known as the physiological systems.

Medical research provides us with a range of biomedical indicators 
which can be used to characterise the patient’s health however a GP’s 
training, and their examination of their patient(s), is based upon a 
rudimentary understanding of the physiological systems. 

•	 The relationship between brain function and pathological onset 
has been extensively studied by clinical psychologists who 
recognise that stress causes pathological onset [1] i.e. exposure 
to stress, by magnitude or longevity, influences the stable and 
coherent function of the physiological systems.

•	 Cognitive psychologists have recognised that changes of sense 
perception, in particular of colour perception, have pathological 
significance [2,3].

•	 Neurologists increasingly recognise that there is a link between 
pathological onset and the EEG frequencies i.e. the synchronous 
and coordinated operation of the brain [4]. Although the link is 
recognised it remains experiential i.e. the fundamental relationship 
remains poorly defined * (see Note 1).

•	 Sports physiologists recognise that the brain continuously 
regulates and adjusts the stable and coherent function of the body 
systems [5]. Accordingly ‘what are the nature of these physiological 
systems? [6]’ and ‘why is this so significant? [7,8]?’

That there is a feedback mechanism from the visceral organs 
to the brain is the fundamental basis for modern medicine and/
or pharmaceutics (see figure 1) and, in particular the delivery of 
psychotropic substances to the brain. It also serves to explain how the 
various acupuncture modalities stimulate the network of acupuncture 
points/meridians, release endorphins which, in turn, and influence 
the coherent function of the neural components in the brain.

*Note 1: the author is CEO of Mimex Montague Healthcare: a company 
devoted to the commercialisation of the first technology (Strannik) to be 
based upon a precise and sophisticated mathematical model of how the 
brain regulates the autonomic nervous system and physiological systems.
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Figure 1. The Structural Nature of the Autonomic Nervous System

The problem faced by biomedicine is that it has developed a range 
of experientially derived markers in order to characterize various 
medical conditions e.g. the measurement of HbA1c, LDL and/or 
HDL cholesterol, etc; however such markers are the consequence of 
autonomic dysfunction and the failure of the brain to regulate the 
coherent function of the autonomic nervous system and physiological 
systems; and are often convenient compromises which contrast with 
the basic pathological processes involving (i) the rate of expression of 
particular proteins arising from the coherent function of a number of 
genes (genotype); and (ii) the rate at which the expressed protein in 
its reactive coiled form reacts with its reactive substrate (phenotype/
the stress response). In addition, medicine has characterized the stress 
response – deviations from homeostasis of the autonomic nervous 
system – as the sympathetic nervous system and as the parasympathetic 
nervous system; and has also embraced genetic screening. Both are 
entirely logical and useful observations if considered fully i.e. the 
autonomic nervous system covers how the brain reacts to stress and 
alters normal biological processes with subsequent onset of changes 
to cellular and molecular biology i.e. pathological onset; however the 
focus upon genetics covers only an estimated 5–10% of pathological 
onset whereas phenotype (lifestyle/environment/the stress response) 
- upon which biomedicine is based - is responsible for the remaining 
90–95% of pathological onset.

Biomedicine is completely dependent upon understanding, 
manipulating, and masking and/or otherwise modulating the 
function of the autonomic nervous system i.e. with the exception of 
antibiotics it often treats the physiological consequences of autonomic 
dysfunction rather than its cause(s). See Figure 1.

Behavioural psychologists have recognised that a person’s 
behavioural characteristics are influenced by their genetic profile 
[9]. If so, it follows that their behavioural, psychological and/or 
psychoemotional profile(s) must also be influenced by pathological 

onset i.e. their genotype AND phenotype (see figure 1). It follows 
therefore that the administration of drugs must materially influence 
how a person functions, thinks, etc. This has been referred to and/or 
variously recognized as their rationality and emotionality [10].

Various types of behaviours have been linked to genetically 
expressed proteins and hormones e.g. leptin, insulin and ghrelin are 
associated with feelings of appetite, hunger and satedness; therefore the 
extent of these behaviours must be associated with the rate of genetic 
expression of the particular protein or hormone (genotype) which is 
responsible for the particular behaviour and/or the rate at which the 
protein or hormone subsequently reacts with its reactive substrate(s) 
(the stress response/phenotype) [11]. This blurs the conventional 
distinction between the function of the brain and the function of the 
body/visceral organs i.e. both function in a biodynamic relationship.

Moreover, that genotype and phenotype are components in cells 
and organs in physiological systems which perform a physiological 
function illustrates how pathological onset must to some extent 
influences particular functions and associated thought patterns. 
For example emergent pathologies in any of the organs in the 
system which regulates sleep e.g. the brain, spinal cord [12], ears 
[13], nose [14], adrenal and thyroid glands; will influence the 
quality and quantity of sleep. 

In addition, one person’s behaviour (sensory output) can be another 
person’s stress (sensory input) [15].

If we do not have good quality, or sufficient, sleep this may often 
disrupt our feelings of appetite, hunger and satedness to the extent that 
we become overweight or obese which influences our speed of action 
i.e. our vitality, function, and ultimately the state of our physiological 
and mental health. There is a biodynamic and structural relationship 
between the function of the brain, the senses [16–18] and molecular 
biology in which the brain regulates the coherent function of the organ 
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networks which subsequently results in both genetic and phenotypic 
changes; and that emergent genetic and/or phenotypic changes 
influence brain function (which explains how psychotropic drugs 
influence brain chemistry and often results in changes of systemic 
stability e.g. of blood glucose levels, weight gain, etc). On the one 
hand, stress [1] influences how the brain regulates the body’s function 
and results in pathological onset (phenotype) and; on the other hand, 
how pathological and biological changes, perhaps introduced by gene-
altering moieties, influence brain function.

In the case of diabetes, pathological onset in a wide range of 
physiological systems e.g. sleep [19], sexual function, pH [20], blood 
pressure [21], blood volume; each of which contributes to instability 
in the system which maintains optimal blood glucose levels [22]; 
and of pathological onset in the pancreas but also in the adrenal 
[23], pituitary [24], and thyroid glands [25]; kidneys [26], liver [27], 
small intestine [28], brain [28], and sexual organs [29]; influences 
blood glucose levels and thereby contributes to the onset of what 
is commonly known as diabetes mellitus. This supports the earlier 
observation that the regulation of blood glucose is that of a neurally 
regulated physiological system which incorporates the maintenance of 
plasma pH at typically 7.35–7.45 [30], and the optimisation of blood 
glucose levels within normal regulated parameters of indicatively 4–8 
mmol/litre.

The issue is further complicated by considering whether diabetes 
has genetic origins (type 1) or non- genetic origins (type 2) or a 
combination of both genotype and phenotype ** (See Note 2) i.e. 
which if misdiagnosed will influence the selection of therapeutic 
approach [31].

**Note 2: reduced expression of protein (genotype) is effectively a 
measure of physiological capacity whilst reduced protein reactivity 
(phenotype) is effectively a measure of psychophysiological demand 
i.e. the body becomes progressively less able to function if the level 
of psychophysiological demand exceeds the supply of a particular 
component. Every medical condition must therefore, to some extent, 
comprise a combination of genotype and phenotype.

Accordingly, the diagnosis and measurement of diabetes and 
diabetic comorbidities should determine whether pathological onset 
in any of these and/or other systems and organs materially contributes 
to unstable or abnormal blood glucose levels [32].

This raises a number of issues regarding the etiology of diabetes, 
the techniques used to measure diabetes, and the effectiveness of 
drugs used to treat diabetes. Furthermore, the onset of Diabetes is 
often accompanied by various comorbidities including depression 
[33–35], cardiovascular pathologies [36–39], kidney disease, cancer(s) 
[40], etc.

Current diagnostic methods are unable to precisely determine the 
onset of pre-diabetes, to determine the fundamental causal factors 
which are responsible for the onset of diabetes. They measure blood 
glucose levels – effectively seeking to establish how effectively the 
brain is regulating the level of the physiological system blood glucose 
i.e. they consider blood glucose as a molecular marker rather than a 
measure of systemic stability [21] and that type 1 and type 2 diabetes 

are separate conditions when both exist as comorbidities – which can 
often lead to misdiagnosis [41]; and there are no current tests (see 
Note 1) which are able to define, in significant detail, the complex 
correlates of what is now considered to be type 3 diabetes [42] yet 
which is the onset of the complex multi-systemic progression of the 
chronic condition [43,44].

The tests used to diagnose diabetes have significant limitations 
[41–49] e.g. blood glucose test results can vary according to sample 
storage temperature; exposure of samples to sunlight, pH; levels of 
Haemoglobin (in most situations the test is based upon the observation 
that only 60–80% of the available Hb is glycated); HbA1c test results 
may be ca 40% irreproducible after one month [42]; whilst the 
accuracy of the test is poor in hypoglycaemia e.g. the true frequency 
of hypoglycaemia is often difficult to determine [43]; and increases 
with hyperglycaemia.

Erroneous results are associated with a wide range of factors e.g. 
opiate addiction, alcoholism; levels of iron, vitamin B9 (folate), B12, 
C and E; medications e.g. dapsone, antiretrovirals, methylene blue, 
phenacetin, nitrites, salicylates, etc; and a range of medical conditions 
including liver disease, splenectomy, hysterectomy, rheumatoid 
arthritis, lymphocytic leukaemia, haemolysis, hyperbilirubinaemia, 
hypertriglyceridaemia, haemodialysis, etc. If taken to its logical and 
exhaustive conclusion i.e. checking patients for such issues, this leads 
to a situation of enormous complexity and cost.

The Limited Success of Diabetes tests and Drugs

It is an inescapable observation that the incidence of diabetes 
continues to increase throughout the world. In 2005 333 million 
persons were recorded with diabetes and by 2015 this had increased 
to 435million.

Medicine evolved over hundreds of years during which many 
different techniques have been used to treat the patient, sometimes 
with disastrous outcomes. It is an experiential paradigm. By the 19th 
and early 20th centuries modern medicine i.e. the doctor’s physical 
examination and/or consultation, was based upon a rudimentary 
understanding of the physiological systems. Indeed it remains the 
case that the doctor will often seek in his consultation to establish the 
stability or otherwise of the patient’s physiological systems in their 
forensic efforts to establish what ails the patient e.g. by measuring 
body temperature, pH of their urine, whether the patient’s excrement 
is well formed, whether the patient’s posture is satisfactory, their blood 
pressure, blood glucose, heart rate, temperature, etc.

By the early-mid 20th century the advent of biomedicine 
originated out of the realisation that drugs could be delivered which 
could eradicate a bacterial infection, that insulin could be used to treat 
diabetes, that some herbal medicines had medicinal properties, etc. 
This has led to the proliferation of biomedical test methods which, 
it is assumed, can be used to characterise the patient’s health and 
hence select an appropriate drug treatment. Such an observation 
assumes that the measured parameters are the cause of the condition 
– it follows the precedent set re bacterial infection and antibiotics – 
however research conducted in the late 20th and early 21st century 
have questioned the fundamental basis of this assumption e.g. (i) If 
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someone is stressed as a result of a bereavement the symptoms arising 
from the stress are merely the consequence of this problem, not its 
cause. The symptoms will recede when the stress is managed by the 
patient. (ii) If someone eats and drinks too much of the wrong things 
and becomes diabetic and obese ‘why do we think that giving a drug 
will stop them being diabetic or obese?’ Becoming diabetic and/or 
obese is the consequence of eating and drinking too many of the wrong 
things. If we give a drug to treat diabetes and/or obesity this will have 
very little effect upon their health and will merely delay the date when 
more significant, invasive and costly interventions are required unless 
the patient reduces their calorific intake. The biomedical consequences 
of the problem have been widely researched however the neurological 
origins of the problem remain poorly researched.

Moreover the steadily increasing numbers of diabetic and obese 
patients, despite the immense amounts of medications which have 
been administered over the last 25–50 years, have done little to 
address the problem [50–53]

“there is no conclusive evidence that improved glucose control with 
oral agents leads to a decrease in the complications of type 2 diabetes.[53]”

If diabetes and the occurrence of diabetic comorbidities and 
complications continues to escalate, as is clearly the case, it appears 
reasonable to question the effectiveness of diabetes medications i.e. (i) 
Are diabetes medications merely masking the incidence of diabetes? 
(ii) What are the numbers and/or % of patients being successfully 
treated by medications i.e. who are no longer considered to be 
diabetic? (iii) Are diabetes medications merely masking diabetes until 
the emergence of diabetic comorbidities of ever greater complexity 
and cost? and (iv) What are the fundamental issues responsible for 
the ever-increasing levels of diabetes? Is it due to calorific control i.e. 
the balance between calorific intake and energy expenditure, as most 
people now recognise?

Perhaps the issues are most glaringly exposed by recognising 
the limitations of the biomedical tests which are used to diagnose a 
particular medical condition and which lead to claims of misdiagnosis; 
the adverse use of drugs which lead to claims of misprescribing; and 
more generally the limitations of biomedicine and healthcare; arising 
from inadequate etiology of many medical conditions due to the rigid 
adherence to the reductionist principles upon which the biomedical 
paradigm is slavishly based e.g.

1. The idea that one gene produces one protein – upon which the 
genetic paradigm was originally based – is a discredited concept. In 
most cases many genes cooperate in the expression of a particular 
protein. There are few, if any, examples whereby only one gene is 
responsible for the expression of a single protein.

2. That the chemical structure of the genes explains the expression 
of a particular protein. Replacing a gene by gene editing 
techniques often has very low levels of success therefore a broader 
phenomenon, including gene morphology, has to be taken into 
account [54].

3. That a particular protein reacts with another protein or substrate 
ignores the complex range of factors which influence this process 
and determine the rate at which this reaction proceeds e.g. pH, 

levels of essential minerals, the coiled or uncoiled nature of 
proteins [32], and their reactive substrates, etc;

4. That the body’s inorganic chemistry is largely ignored in favour 
of considering mainly its biology [55] yet the prevailing levels 
of essential minerals clearly influence genetic expression, the 
rate at which coiled proteins react with their reactive substrates, 
metabolic rate;

5. That the body’s function proceeds independently of the brain, upon 
which biomedicine is based, is now recognised to have significant 
limitations [7]. The brain functions as a neuromodulator.

6. The significance of the body’s physiological systems [56] i.e. of 
body temperature, osmotic pressure, rate of blood circulation, 
blood viscosity; influence the body’s function;

7. How stress – either as a psychological or psychophysiological 
phenomena – adversely influences the body’s function [57] and, 
in particular, autonomic stability;

8. The influence of protein coiling/uncoiling [58] and/or the 
photostimulating effect of light [59] i.e. proteins are visually active. 
Light provides the energy which raises proteins to their reactive 
state and enables the protein to react with its reactive substrate.

Consequently, irrespective of the cause(s), the health services are 
faced with an epidemic of diabesity which is resulting in ever greater 
demand for the most expensive interventions i.e. cancer treatments 
[60], cardiac interventions, bariatric surgery, prostate cancer 
interventions [61–62], etc.

Metformin is Eliminated Unmetabolised

The most commonly prescribed anti-diabetes medication is 
metformin yet it is eliminated from the body almost completely 
unmetabolised. It is the most widely prescribed medication for 
diabetes yet the evidence to support its use is elusive [63] and suggests 
that it is not a drug. Indeed, if it were a drug it would be metabolised! 
Despite this observation various novel and elegant pathways have been 
proposed [64,65]. Nevertheless the generally accepted mechanism of 
metformin’s effect is that it stimulates Adenosine Monophosphate 
(AMP)-Activated Protein Kinase (AMPK) i.e. AMPK is directly 
activated by an increase in AMP:ATP ratio in metabolic stress 
conditions including hypoxia and glucose deprivation.

Drugs depend upon the autonomic nervous system for their effect 
therefore understanding how the autonomic nervous system functions 
and, in particular, is regulated will lead to a greater understanding of 
diabetes and thereby explain how metformin influences the function 
of the autonomic nervous system by a mechanism which does not 
‘directly’ act upon the function of the autonomic nervous system and, 
in particular, its biology.

The body is regulated to function at a plasma pH of 7.35–7.45 
however this applies mainly to the adult population, and less to young 
children, the elderly, and/or many who have chronic autonomic 
dysfunction. Irrespective, maintenance of pH is one of the body’s 
essential functions [20] and is carried out by a network of organs, a 
physiological system, involving the coherent function of the brain, 
pituitary gland, thyroid gland, adrenal glands, liver, pancreas, blood 
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and peripheral blood vessels, lungs and bronchi, skin, stomach, 
duodenum, small Intestine, large Intestine, kidneys.

Accordingly, deviations from optimal pH are indicative of the 
stress response commonly known as the sympathetic nervous system.

Long-term or large magnitude exposure to conditions which 
elevate the sympathetic nervous system e.g. to psychological or 
psychophysiological stress; leads to the situation whereby the brain 
often considers the elevated state, of autonomic dysfunction, to be the 
stable ‘chronic’ state. It is an acidifying process which lowers plasma 
pH [20]. So too is excess weight – the weight being largely comprised 
body fat (the accumulation of fatty ‘acids’ e.g. triglycerides, glycated 
proteins, etc). As we age we become physically less active and less able 
to eliminate CO2 (which binds with water to form carbonic acid).

We consume carbonated and acidified (often acidified with 
phosphoric acid) beverages, and alcoholic beverages which are, directly 
or indirectly, acidifying; demineralise the body of essential minerals; 
and influence the metabolic rate of all body systems. These are some 
of the fundamental factors which influence the stable function of the 
autonomic nervous system and are ultimately expressed as a plethora 
of lifestyle-related pathologies.

This is significant because Metformin appears to exhibit the 
characteristics of a biological buffer or secretagogue i.e. a chemical 
which ‘secretly’ influences metabolic processes.

It is a biguanide with the chemical structure (CH3)2–N–C(=NH)–
NH–C(=NH)–NH2

Metformin is not metabolised in the liver, does not bind to 
proteins to any significant extent, is eliminated in urine in an almost 
completely unmetabolised form [66] and has a pKa value of 12.33 
[67]. The pH of a 1% aqueous solution of metformin hydrochloride is 
6.68 therefore the pH of an 0.1% solution can be expected to be more 
typically in the range 6.9–7.1.

By contrast other diabetes medications e.g.

Glimepiride
 

Glibenclamide

Glipizide

Gliclazide

are extensively bound to proteins and metabolised in the liver. It is 
considered that they stimulate the production of insulin, which 
reduces plasma levels of blood glucose, and enhances insulin reactivity 
[68]; however sulphonyl urea drugs are ineffective on patients with 
type 1 diabetes. If so the main effect is more likely to be to enhance the 
reactivity of insulin, perhaps by elevating pH and/or enhancing the 
levels of coiled reactive insulin [69,70] i.e. reducing insulin-resistance; 
rather than stimulating the expression of insulin.

Note 3: insulin is a polar substance which is characterised by –COOH 
and –NH2 groups. Accordingly it’s structure and function is pH 
dependent. At neutral pH it is a coiled protein however the degree of 
coiling starts to change as pH declines.

One report highlighted that there was no conclusive evidence of 
efficacy of this new generation of anti-diabetes medications [71] and 
questioned the focus of metformin upon the management of blood 
glucose levels whilst another [72] indicated, paradoxically, that all of 
the drugs were equally good at lowering glucose and were better than 
diet alone; but that despite lowering blood glucose levels the patient’s 
weight increased (typically – over the study period – a 5kg weight 
gain with sulphonyl ureas, a 7kgs weight gain with insulin, and a 1 
kg weight gain with metformin) which is quite extraordinary when 
considering that >90% of type 2 diabetes is considered to be due to 
excess weight and that the use of metformin is to assist patients to 
manage their blood glucose levels and their weight.

The most widely accepted explanation is that sulphonyl ureas bind 
to ATP-sensitive K (Katp) channels which has the effect of preventing 
the departure of potassium, opening calcium channels, which leads to 
increased secretion of insulin. Moreover the ratio of ATP to ADP is a 
Magnesium dependent reaction [73,74], and levels of Mg are largely 
pH dependent, therefore the ratio of ATP to ADP must also be pH 
dependent.

These diabetes medications exhibit a minor structural similarity to 
biological buffers [75] which exert a buffering effect upon biological 
systems however with metformin this structural similarity is most 
striking. The idea that metformin functions as a buffer is intriguing. 
It is a very stable molecule in which there is a core with delocalised 
electrons across five nitrogen atoms whereas the sulphonyl ureas have 
a core -C6H4-SO2-NH-CO-NH- structure which is intrinsically more 
reactive. This is intriguing because [68] some researchers argue that 
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the levels of the sulphonyl urea, glibenclamide, are too low to explain 
the drug’s effect. Is it conceivable therefore that such drugs have a 
mild buffering effect before being metabolised and binding to ATP-
sensitive K (Katp) channels?

The body is buffered by three individual buffers: the carbonic 
Acid/bicarbonate buffer exuded by the pancreas into the duodenum 
which maintains pH at levels which maintain the bioavailability of 
Zn (also Magnesium, Calcium and Chromium) and hence facilitates 
the release of CO2 by carbonic anhydrase in the lungs and bronchii, 
and neutralises excess stomach acidity, thereby ensuring appropriate 
digestive motility in the intestines; the phosphate buffer system 
which neutralises excess alkalinity in the intercellular environment; 
and the protein buffer system which helps to neutralise intercellular 
acidity. Each acts upon different species and thereby influences 
the normal regulated level of plasma pH. Accordingly, it is entirely 
plausible that various drugs have a mild and temporary buffering 
effect (until metabolised) due to their unique chemistry which, for 
example, influences the levels of microbiotic species in the intestines 
[76]. Moreover several chemotherapy drugs are co-administered 
with Sodium Bicarbonate [77] - which is also used to treat severe 
ketoacidosis [78–80]. If so, how much of the effect of the drug is 
actually due to the effect of the bicarbonate?

There has been a heated debate over this issue for decades since 
the publication of texts promoting the use of sodium bicarbonate 
as a therapeutic modality yet the body eliminates acidity via the 
kidneys and urine [81–83], skin [84], lungs and saliva. Excess acidity 
is associated with obesity/excess body fat, metabolic syndrome, the 
consumption of alcoholic and acidic beverages, stress, etc. To illustrate 
the point: urine with acidity <5.5 is often encountered in type 2 
diabetes patients [81–83]. See Note 4.

Note 4: pH is used as a measure of the hydrogen ion concentration. pH= 
-log10[H]. It should be noted that pH7 is equivalent to zero hydrogen 
ion concentration; pH6 is therefore equivalent to 10, and pH5 to 100. 
Accordingly the use of pH – by 1unit - can overlook the actual increase 
of acidity and its biochemical significance. That the body favours a 
pH of 7.35–7.45 illustrates that it prefers a low level of hydroxyl ion 
concentration i.e. that hydrogen ion concentrations are inherently 
pathological.

Metformin exists as hydrophilic cationic species at physiological 
pH whereas sulphonylurea drugs are insoluble anionic species. The 
pKa of 11.5 (and 2.8) makes metformin a stronger base than many 
other drugs [see Table 1], which conceivably explains why lactic 
acidosis occasionally occurs after the administration of metformin, 
and is characterised by decreased plasma pH, associated electrolyte 
disturbances, etc [85]. It does not stimulate insulin secretion, or cause 
hypoglycemia or hyperinsulinemia which are common side effects 
associated with other antidiabetic drugs [86]. It increases glucose 
metabolism, increases insulin reactivity/signaling, decreases fatty 
acid and triglyceride synthesis, and increases fatty acid metabolism. 
It may also increase glucose metabolism in peripheral tissues [87], 
reduce appetite, and reduce glucose absorption in the intestines. If 
taken with alcohol, or a sulphonylurea, metformin could trigger a 
‘hypo’glycaemic event.

Table 1. pKa values of Common Diabetes Medications Acidic Basic

Acidic Basic References

Metformin 11.5 2.8 https://www.drugbank.ca/drugs/DB00331[67]

Glibenclamide 4.32 -1.20 https://www.drugbank.ca/drugs/DB01016

Glimepiride 2.23 -0.36 https://www.drugbank.ca/drugs/DB00222

Glipizide 4.32 -0.059 https://www.drugbank.ca/drugs/ DB01067

Gliclazide 4.07 1.38 https://www.drugbank.ca/drugs/DB01120

If, as outlined in this paper, metformin acts as a buffer which 
influences plasma pH, typically in the range of 6.9–7.1*, it can be 
expected to have a differential effect between the normally functioning 
and healthy patient, in particular between the pre-diabetic patient, the 
typical type-2 diabetic, and the heavily type 2 diabetic and/or obese 
patient i.e. with patients who have levels of plasma acidity which is 
above or below the pH of metformin.

It is not possible to give clear delineations between diabetic 
patients. The precise level of plasma pH which accompanies their 
diabetes differs for many reasons e.g. the amount of food consumed, 
the nature of the food consumed, the level of daily exercise, what they 
drink, how much they drink, their exposure to stress, etc. Figure 2 is 
meant only to illustrate the point raised in the text i.e. that metformin 
can reasonably be expected to worsen type 2 diabetes in the prediabetic 
and improve the management of diabetes in the severely diabetic and 
obese patient but also that metformin does not, and cannot, relieve a 
patient of their diabetes and hence should not therefore be considered 
to be a long-term solution.

There is increasing interest in the use of metformin, a drug 
commonly used to lower blood glucose levels and treat diabetes, 
as a drug for the treatment of heart disease [88,89] e.g. to lower 
systolic BP in prediabetic and obese patients, cancer [90–93], 
and immunoregulation; improve the management of PCOS [94], 
depression [95], schizophrenia [96], dementia and the anti-aging 
process, suicide and alcohol-related matters; yet despite its widespread 
use – it is the major drug for the treatment of type 2 diabetes – the 
etiology of this drug remains poorly defined.

Metformin worsens the occurrence of prostate cancer [97] yet 
improves outcomes in colorectal cancer [98]. This is intriguing 
because if, as stated earlier, metformin buffers plasma at an estimated 
pH of 6.9–7.1 it stimulates the stress response i.e. the sympathetic 
nervous system, and thereby contributes to pathological onset in the 
pre-diabetic patient but lessens the stress response in the diabetic [99] 
and in diabetic comorbidities including cancer [40,100–102].

Discussion

The etiology of metformin appears to be marked by contradictions 
which are difficult to explain if metformin is considered to be a drug 
which acts upon a specific pathological process; however metformin 
has numerous applications which illustrates that it has a broad 
spectrum of activity, more typical of a systemic level intervention 
rather than as a solely biological intervention i.e. as a biological buffer 
regulating pH, rather than that of a drug.



Graham Wilfred Ewing (2018) Is Metformin a Drug or a Buffer and why is this Significant? Further Evidence that the Brain Regulates the Autonomic 
Nervous System, in Particular Prevailing Levels of Intercellular pH

Endocrinol Diabetes Metab J, Volume 2(4): 7–9, 2018

Figure 2. Prevailing levels of pH in the Diabetic patient/expected influence of Metformin

As illustrated in the earlier research metformin does not stimulate 
insulin secretion or cause hypoglycaemia or hyperinsulinemia [88]. 
It reduces glucose levels by increasing the activity of insulin [87], 
reduces the absorption of glucose from the intestines, and reduces 
the glycation of plasma proteins. Such observations are consistent 
with metformin’s mode of action as a biological buffer and with pH 
being a neurally regulated physiological system which regulates 
plasma acidity at a normally regulated pH (indicatively 7.35–7.45 in 
the adult male) and which is adversely influenced by pathological 
onset which alters brain function, the stable and coherent function 
of the physiological systems, and subsequently the normal regulated 
function of the organs in each physiological system, and the cellular 
and molecular processes therein which are manifest as inflammatory 
processes [103]. This conceivably explains the often contradictory 
observations associated with metformin i.e. how it can be effective in 
one set of patients and yet by ineffective or damaging to another subset 
of patients. One subset has a higher level of intercellular acidity whilst 
the other subset has a lower level of intercellular acidity.

Metformin stabilises plasma acidity at indicatively 6.9–7.1 so 
(i) for patients with pre-diabetes and plasma acidity in the range 
6.9–7.1 to 7.35–7.45 the administration of metformin enhances their 
predisposition to diabetes i.e. instead of being prediabetic they can 
be expected to develop the symptoms of diabetes; (ii) for patients 
with plasma pH indicatively 6.9–7.1 there is likely to be little effect; 
however (iii) for patients with much greater levels of diabetes i.e. 
plasma acidity below pH 6.9, which are characterised by high levels of 
diabetes markers e.g. blood glucose and HbA1c levels, their prevailing 
level of plasma pH will be increased to circa 6.9–7.1 and they can be 
expected to exhibit lower levels of diabetes markers e.g. blood glucose, 
HbA1c. Their insulin resistance (and also leptin resistance and ghrelin 
resistance) [32] will decline and they will have more normal appetite 
and satedness, and be less hungry.

This highlights the need for a more complete and rigorous scientific 
understanding of how the body regulates its functions [103] which 

can be applied to improve the quality of healthcare and thereby reduce 
misdiagnoses, misprescribing of drugs, unnecessary prescribing of 
drugs, etc. Indeed this limited understanding leads to a wide range 
of misconceptions e.g. which lead to the use of anti- depressants 
and induce weight gain [104]; which reduce heart rate in order to 
reduce blood pressure but subsequently have the knock-on effect of 
effectively reducing metabolic rate and leads to the effect which the 
drug was intended to prevent – weight-gain [105, 106] and the onset 
of diabetic comorbidities, in particular cardiovascular disease(s); the 
use of bariatric surgery and complications which arise therefrom [107, 
108]; the occurrence of cancer [109], etc.
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